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Abstract
Theoretically, the aluminium corrosion inhibitive performance of vitexin (VTX) and isovitexin (SVT) were
evaluated with a view of establishing the mechanism of the inhibition process. Calculations which include
the consideration of several global descriptors were studied to describe and correlate the reactivity of the
molecules with the computed descriptors. First and second-order condensed Fukui functions were
employed to analyze local reactivity parameters, while simulations involving the adsorbed molecules on
Al (1 1 0) surface were conducted through quench dynamic simulations and the mechanism of physical
adsorption was established with SVT relatively been a better inhibitor on Al surface than VTX.
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1. Introduction
Some of the industrial problems resulting from
deterioration of metals based installment is due to
corrosion, especially when exposed to aggressive medium such as moisture, solutions of bases, acids, salts
etc [1]. Industrial processes including cleaning, pickling, oil acidification, chemical and electrochemical
etching which involve the use of acid solutions on
metals cannot be avoided [2,3]. For this reason, many
researchers have devoted ample time and resources in
studying the corrosion and corrosion inhibition of one
of the most useful metals (aluminium). Aluminium and
its alloys are known to find applications in various industrial purposes such as machinery construction,
electronics, transport equipment etc due to their low
cost, high mechanical properties, good malleability, low
density, corrosion resistance, conductivity among others
[4e6]. The outer surface of aluminium is known to be
characterized by a thin passive oxide film (amphoteric
in nature) that provides some immunity against the
corrosive environments. This amphoteric layer could be
attacked by acid, alkaline or salt solutions and therefore
subjecting the metal to corrosion under unfavorable
environments. Consequently, there is need to protect
and preserve this metal [7,8]. One of the most effective
and cost efficient methods of controlling corrosion is
the use of inhibitors [9]. Large number of known
organic and inorganic compounds have been reportedly
used as corrosion inhibitors on aluminium metal, some
of which are deleterious to the environment [10]. Most
organic compounds carefully selected for the purpose of
inhibition are large in size, abundant, inexpensive,
environmentally friendly, which are expected to adsorb
on the metal surface in order to prevent its direct contact with the aggressive molecules [11]. Factors
including aromaticity, electron density, molecular size,
functional groups, electronic structure of the molecules
and p-orbital character of donating electrons of the
compounds are known to enhance their adsorption
abilities onto the metal surface [12,13].
The inhibitor adsorption abilities of these organic
compounds coupled with their molecular and electronic
properties have been directly related to their inhibition
efficiencies [14]. The study of relationships between
inhibitor structure and inhibition performance is an
important theoretical technique which can assist researchers in predicting inhibition efficiencies and
designing of promising corrosion inhibitors [15].

Microscopic level explanation of the mechanism of
corrosion inhibition through quantum mechanics have
been an effective method used in studying the correlation between inhibition efficiency and molecular/electronic structure [16,17]. Recently, the interactions of the
adsorbed molecule and that of the metal surface have
been successfully modeled using molecular dynamic
simulations [18]. These studies revealed that molecular
dynamic simulation can provide better insights into the
design of inhibitor system with superior properties, and
the adsorption/binding energy obtained from the simulation can be used to distinguish the differences in inhibition efficiency of different inhibitor molecules [15].
It is understood from literature that sometimes the
influence of the two key factors (structural and electronic) in determining the inhibition efficiency of
molecules cannot be easily differentiated, making it
very difficult to establish the actual parameter that is
responsible for enhancing the inhibition efficiency of
the molecules [19,20]. For this reason, this study
decided to choose molecules with similar chemical
structures (Fig. 1), with the intention of annulling the
effect of structural contribution to the possible inhibition efficiency of the selected molecules. With this,
parameters related to electronic nature of the molecules were selected and investigated.
The present work is aimed at studying the inhibition
action of vitexin (5,7-dihydroxy-2-(4-hydroxyphenyl)8-((2S,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-tetrahydro-2H-pyran-2-yl)-4H-chromen-4one) and isovitexin (5,7-dihydroxy-2-(4-hydroxyphenyl)-6-((2S,3R,4R,5S,6S)-3,4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)-4H-chromen-4-one)
on
aluminium metal. In addition, to correlate their inhibition efficiency with some calculated quantum
chemical parameters and to carry out molecular dynamic simulations using computational methods.
2. Theory
All geometric optimizations, simulations and theoretical calculations were performed using BIOVIA Inc
Material Studio software 8.0. After optimizations,
quantum chemical parameters were calculated using
the B3LYP functional with DND basis set in DMol3
package of the Density functional theory (DFT)
[21,22]. Global reactivity descriptors analyzed include
energy of the highest occupied molecular orbital
(EHOMO), lowest unoccupied molecular orbital
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Fig. 1. Molecular structure of the studied inhibitor compounds.

(ELUMO), separation energy (DE), dipole moment (m),
and those parameters that give information about the
molecular reactivity, such as electronegativity (c),
ionization potential (I), electron affinity (A), hardness
(h), softness (s), and fraction of electrons transferred
from the inhibitor molecule to metal surface (DN).
2.1. Global reactivity descriptors
The number of electrons (N) of a system that has a
total energy (E) at a constant external potential v(r) can
be used to calculate the chemical potential (m) of such
a system. Eq. (1) shows the relationship between m and
electronegativity (c) in terms of first derivative of E
with N at constant v(r) [23]:
 
vE
c ¼ m ¼
vðrÞ
ð1Þ
vN
The second derivative of Eq. (1) at constant v(r) can
be used to define hardness (h) as presented in Eq. (2)
[24,25]:
 2
 
vE
vm
h¼
vðrÞ
ð2Þ
vðrÞ ¼
2
vN
vN
EHOMO and ELUMO can be related to ionization
potential (I) and electron affinity (A) using Koopman's
theorem, as in Eq. (3) and Eq. (4) [26,27]:
I ¼  EHOMO

ð3Þ

A ¼  ELUMO

ð4Þ

With finite difference approximation, I and A can be
used to calculate c and h as in Eq. (5) and Eq. (6) [28]:
c¼

ðI þ AÞ
ELUMO þ EHOMO
¼ 
2
2

ð5Þ


h¼

IA
2


¼ 

ELUMO  EHOMO
2

ð6Þ

The inverse of chemical hardness (s ¼ 1/h) is
defined as the global softness and can be used to
measure the extent of polarizability [29,30].
Parameters such as fraction of electrons transferred
from inhibitor molecule to the metal surface (DN),
global electrophilicity index (u), nucleophilicity (e)
and the energy of back donation (DEb-d) were derived
from global hardness and electronegativity as in Eqs.
7e10 [31]:
c  cinh
ð7Þ
DN ¼ Al
2ðhAl þ hinh Þ
m2
c2
¼
2h
2h

ð8Þ

1
u

ð9Þ

u ¼
e ¼

DEbd ¼ 

h
1
¼ ðEH  EL Þ
4
8

ð10Þ

Where cAl and cinh represent absolute electronegativities of aluminium and inhibitor molecule, while hAl
and hinh are the hardness of aluminium and inhibitor
molecule respectively. The theoretical value of electronegativity of bulk aluminium is 5.6eV while the
hardness value is 0eV [32], this is by assuming that for a
metallic bulk (I ¼ A) because they are softer than
neutral metallic atoms [33].
2.2. Fukui functions
In order to evaluate the local reactivity regions of
the studied molecules, Fukui indices were explored to
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locate the regions where electrophilic and nucleophilic
attacks are likely to occur. Fukui indices have been
defined as the first derivative of the density of electrons
of a system r(r) with respect to the total number of
electrons (N) at a fixed external potential n(r) as given
in Eq. (11) [34]:




f ðrÞ ¼ vrðrÞ=vN nðrÞ ¼ vm=vnðrÞ nðrÞ
ð11Þ
Roy et al. [35], on the other hand defined the
electrophilic, nucleophilic and radical Fukui functions
for site k in a molecule by using left and right derivatives with respect to the number of electrons (N) as
in Eq. 12e14 for nucleophilic, electrophilic and radical
attack respectively:
fþ
KðrÞ ¼ rK ðN þ 1ÞerK ðNÞ

ð12Þ

f
kðrÞ ¼ rK ðNÞerK ðN  1Þ

ð13Þ

o
fkðrÞ
¼

r KðN þ 1Þ  r KðN  1Þ
2

ð14Þ

Where rK is the gross charge of the atom k in the
molecule, N is the number of electrons in the molecule,
Nþ1 corresponds to an anion with an electron added to
the LUMO of the neutral molecule, N-1 corresponds to
a cation after removal of an electron from the HOMO of
the neutral molecule [34].
Second order Fukui function (f2) known as the dual
descriptor DfðkÞ, is another local descriptor introduced
by Morell et al. [36]. It has been defined as the difference between nucleophilic and electrophilic Fukui
functions as in Eq. (15):

f 2 ðrÞ ¼ f þ
k  fk

ð15Þ

If f 2 ðrÞ > 0, then site k prefers nucleophilic attack,
whereas if f 2 ðrÞ < 0; then site k prefers an electrophilic
attack [37]. This indicates that f 2 ðrÞ serves as an index
of selectivity towards nucleophilic or electrophilic attacks [36].
2.3. Molecular dynamic simulation
The interaction between inhibitor molecules and the
aluminium surface was studied by executing quench
molecular dynamic simulation using the Forcite module in BIOVIA Material Studio 8.0. The interaction
between the optimized structures of the molecules and
Al(110), were used for the simulation [38]. Al(110) is
the most densely packed and most stable among the
different forms of aluminium [39]. The interaction

between the Al(110) and inhibitor molecules was carried out in simulation box (9  6 Å) with periodic
boundary conditions [33], a vacuum slab of 20 Å
height was mounted on the Al(110). Simulations were
carried out using the condensed-phase optimized molecular potentials for atomistic simulation studies
(COMPASS) force field and the smart algorithm at
350 K in an NVT conical ensemble with time step of
1fs and simulation time of 5 ps [38]. The system was
quench every 250 steps. During the simulation process,
all the bulk atoms in the Al(110) surface were constrained so that only the surface atoms are allowed to
interact with the inhibitor molecules freely [39]. The
aluminium slab built for the simulation process is
significantly larger than the molecules in order to avoid
edge effects [39]. The adsorption energy was calculated according to Eq. (16) [32]:

Eadsorption ¼ Etotal  Einhibitor þ Esurface
ð16Þ
Where Etotal is the total energy of inhibitor and metal
surface, Esurface is the energy of Al surface without inhibitor molecule, Einhibitor is the energy of free inhibitor
molecule. Binding energy is the negative value of the
adsorption energy:
Ebinding ¼  Eadsorption

ð17Þ

3. Results and discussion
3.1. Global reactivity descriptors
Analyzing global reactivity descriptors such as
frontier molecular orbital, orbital energies and electronic distributions are considered the most significant
results of density functional theory study that can be
used to predict the reactivity of any inhibitor molecule
with respect to a suitable metal [40]. These parameters
are discussed under the following headings:
3.1.1. Frontier molecular orbitals
The snap shots of the geometry optimized molecules, HOMO, LUMO and total electron density distributions of the two studied inhibitor molecules are
presented in Figs. 2 and 3. The optimized electronic
structures correspond to the global energy minima of
the studied molecules with no imaginary frequencies
[31]. From the figures it can be observed that the geometry optimized structures for the two molecules are
almost planar. This planarity gives the molecules ideal
orientation for strong interaction and orientation with
the aluminium metal surface [40]. The HOMO
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Fig. 2. Structural and global reactivity properties of SVT.

indicates the regions of the molecule with tendency to
donate electrons to the empty orbitals of the aluminium
metal, whereas the LUMO points out the regions of the
molecule with ability to accept electrons from d-orbitals of the aluminium metal by back bonding [29].
The shapes of the HOMO and LUMO are very significant in predicting the reactivity of the inhibitor
molecules [41]. From Figs. 2 and 3, it can be observed
that both HOMO and LUMO of the two molecules are
distributed on oxygen atoms and aromatic rings of the
molecules, this signifies their tendency to take part in
the process of donation and acceptance of electrons
[37]. The HOMO orbitals are relatively more distributed on oxygen atoms when compared to aromatic
rings of the studied molecules, indicating a better
ability of oxygen atoms in donating electrons when
compared to aromatic rings, this is due to the availability of lone pair of electrons. By observing the
structures in Figs. 2 and 3, the following conclusions
can be drawn:
i. Oxygen atoms in the two molecules participate
better in donation than acceptance of electrons.
ii. Both the two molecules can be effective corrosion
inhibitors owing to their ability to donate as well as
accept electrons during their interaction with the
aluminium metal.
However, by comparing the bond angles of bent
planes in the two molecules (Fig. 4), it can be observed

Geometry Optimized
molecule

Total Electron Density

that VTX has larger bond angles than SVT. The bond
angles formed by C1-C2-C21, C6-C5-O10, C9-C11-C12
and C9-C11-C16 in SVT are 125.375, 119.873, 119.229
and 118.182 respectively, whereas, in VTX, the bond
angles formed by C4-C3-C16, O7-C8-C10, C8-C10-C15
and C3-C2-O27 are 125.447, 121.060, 119.472 and
120.726 respectively. The relatively lower bond angle
values of SVT when compared to VTX is an indication
of its better planarity which enhances flat lying orientation with expected stronger adsorption energy [32].
3.1.2. Frontier molecular orbital energies
The frontier molecular orbital energies obtained
from quantum chemical calculations are presented in
Table 1. It can be observed that, SVT has higher value
of EHOMO and therefore is expected to have better inhibition efficiency when compared to VTX. The energy gap (DE ¼ EL EH Þ is a significant descriptor that
determines the reactivity of molecules towards metal
surface [42]. Reactivity of molecules increases as DE
value decreases, because the energy required to remove
an electron from last occupied molecular orbital is less
[43], thus, molecules with low DE values are expected
to have better inhibition performance. It is also known
that molecules with low DE values are more polarizable with high chemical reactivity [39]. SVT has less
DE value, hence is likely to be more effective as
corrosion inhibitor than VTX (Table 1).
Chemical hardness (h) is the resistance against
electron cloud polarization [44], therefore as the

Highest Occupied
Molecular Orbital

Fig. 3. Structural and global reactivity properties of VTX.

Lowest Unoccupied
Molecular Orbital
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Fig. 4. Bond angles in the studied molecules.

hardness (h) value of molecule increases, its inhibition
efficiency decreases since hard molecules resist electron donation. In contrary to the above, soft molecules
are good corrosion inhibitors, the greater the softness,
the higher the inhibition efficiency [45]. From the results presented in Table 1, the order of inhibition efficiency of the studied molecules in terms of hardness
and softness follows SVT > VTX. Dipole moment (m)
of a molecule is related to the polarity of polar covalent
bonds [46]. It is defined as the product of charge and
the distance between the two concerned atoms [47].
According to literature, there are many disagreements
in correlation of dipole moment with inhibition efficiency of inhibitor molecules [48]. As can be observed
from Table 1, VTX has higher value of dipole moment
when compared to SVT. The fraction of electron
transferred from the inhibitor molecule to metal surface (DN) was calculated according to Pearson method

Table 1
Calculated quantum chemical parameters of the studied inhibitor
molecules
Properties

Inhibitor molecules
VTX

SVT

HOMO (at orbital number)
LUMO (at orbital number)
EHOMO (eV)
ELUMO (eV)
DE (eV)
Dipole moment (Debye)
Ionization potential (I) (eV)
Electron affinity (A) (eV)
Global hardness (h) (eV)
Global softness (s) (eV1)
Absolute electronegativity (c) (eV)
Fraction of electrons transferred (DN)
Electrophilicity index (u) (eV)
Nucleophilicity (e) (eV1)
Energy of back donation (DEb-d) (eV)

113
114
5.116
2.582
2.534
3.045
5.116
2.582
1.267
0.789
3.849
0.691
5.846
0.171
0.317

109
110
4.919
2.942
1.977
2.967
4.919
2.942
0.989
1.012
3.931
0.845
7.814
0.128
0.247

as described in Eq. (7) [49] and the results are presented in Table 1. It has been reported by Verma et al.
[50] that, if 0 < DN > 3.6, the inhibitor molecule has
strong tendency to donate electrons to the empty orbitals of the metal. According to the values of DN in
Table 1, it is evident that both inhibitor molecules can
donate electrons to the vacant orbitals of aluminium to
form coordinate bonds, with SVT having stronger bond
with aluminium due to its higher value of DN. Ionization potential (I) and electron affinity (A) of the inhibitor molecules were calculated according to Eq. (3)
and Eq. (4) respectively by the application of Koopman's theorem [51]. These two values were used in
calculating electronegativity and global hardness of the
respective molecules.
Energy of back donation ðDEbd Þ is another
important parameter that describes the interaction of
inhibitor molecules with metal surface. The back
donation process was proposed by Gomez et al. [52].
Bedair [53] reported that if the value of global hardness
is positive and DEbd is negative, then the process of
back donation is favored. Values of global hardness for
both molecules presented in Table 1 are positive while
that of back donation are negative, suggesting that the
interaction of the inhibitor molecules with aluminium
surface involves the transfer of charge from inhibitor
molecules to aluminium metal and vice versa as
pointed out by Umaru and Ayuba [48]. On the basis of
results from the energy of back donation, the inhibition
efficiency of the molecules obeys the trend
SVT > VTX which is in agreement with parameters
earlier discussed.
Electrophilicity index (u) indicates the ability of the
molecules to accept electrons, whereas nucleophilicity
(e) which is the inverse of electrophilicity (1/u) represents the propensity of the molecules to donate or
share electrons [48]. It is known that molecules with

A.M. Ayuba, U. Umar / Karbala International Journal of Modern Science 7 (2021) 206e215

large values of electrophilicity index are poor corrosion
inhibitors while molecules with high values of nucleophilicity are good corrosion inhibitors [31]. Table 1
reported large values of electrophilicity index of the
molecules which is due to the high reliance of B3LYP
functional on electronegativity, consequently these two
parameters cannot be used to infer any sequence about
the inhibition efficiency of the studied molecules as
suggested by Guo et al. [31].
3.2. Fukui functions
Local reactivity of the studied molecules has been
investigated by the use of Fukui indices to indicate the
active centers of the molecules with respect to nucleophilic and electrophilic attack. High values of fþ mark
the points of nucleophilic attack, while high values of
f indicate the points of electrophilic attacks in the
molecule [25]. The condensed Fukui functions of the
molecules are presented in Table 2. From this table, it
can be observed that, in VTX: C8, C13, O17 and O26
which posses’ high values of absolute fþ charge (0.076,
0.046, 0.043 and 0.075 respectively) are the active
centers for nucleophilic attack. C1, C3,O24 and O27 on
the other hand are the sites where electrophiles are
expected to attack the molecule, because they bear the
highest absolute f charge values (0.056, 0.081 0.114
and 0.041 respectively). For SVT, the nucleophilic
centers are located on C7(0.055), C9(0.078) C14(0.045)
and O20(0.075) while the electrophilic sites are located
on O26(0.106), O29(0.210) and O31(0.052). Based on
the analyzed Fukui functions, it can be stated that VTX
and SVT have several points of nucleophilic and
electrophilic attacks in their structures, therefore both
can be good inhibitor molecules with superiority
attributed to SVT.
Second order Fukui function (f2) is another significant local reactivity parameter. The computed values
of second order Fukui functions are depicted in Table 2
and graphically presented in Figs. 5 and 6. Through
these figures and Table 2, it can be observed that in
VTX, 61.29% of the elements in the figure show
positive values of second order Fukui functions (f2 > 0)
while 38.71% of the elements show negative values
(f2 < 0). Such values for SVT have 70.97% of the elements in the figure revealing positive values of second
order Fukui functions, while 22.58% exhibited negative values. In view of this, it can be concluded that
SVT is more nucleophilic than VTX, and therefore
more effective in inhibiting the corrosion of aluminium
metal surface [31]. Herein, the order for inhibition
efficiency remains as earlier discussed.
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Table 2
Condensed Fukui and second-order Fukui functions of the studied
molecules.
VTX

SVT

Atom f
C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
O(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
O(17)
C(18)
C(19)
C(20)
C(21)
O(22)
O(23)
O(24)
C(25)
O(26)
O(27)
O(29)
C(30)
O(31)

þ

0.026
0.018
0.025
0.002
0.010
0.015
0.027
0.076
0.033
0.004
0.028
0.014
0.046
0.012
0.030
0.007
0.043
0.001
0.003
0.001
0.004
0.001
0.011
0.037
0.047
0.075
0.035
0.007
0.008
0.008

f

-

0.056
0.013
0.081
0.033
0.033
0.022
0.024
0.004
0.030
0.005
0.003
0.007
0.013
0.009
0.004
0.005
0.023
0.008
0.011
0.012
0.013
0.009
0.014
0.114
0.012
0.037
0.041
0.012
0.002
0.025

f

Atom fþ

f-

f2

0.030
0.005
0.056
0.035
0.023
0.007
0.003
0.072
0.003
0.009
0.025
0.007
0.033
0.003
0.026
0.002
0.020
0.009
0.014
0.013
0.009
0.010
0.003
0.023
0.035
0.038
0.006
0.005
0.010
0.017

C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
O(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
O(17)
O(18)
O(19)
O(20)
C(21)
C(22)
C(23)
C(24)
C(25)
O(26)
O(28)
O(29)
O(30)
O(31)

0.010
0.020
0.006
0.003
0.015
0.014
0.005
0.007
0.002
0.006
0.002
0.002
0.005
0.007
0.006
0.004
0.011
0.028
0.014
0.010
0.029
0.001
0.020
0.038
0.022
0.106
0.020
0.210
0.039
0.052

0.011
0.043
0.018
0.004
0.016
0.008
0.050
0.016
0.070
0.024
0.001
0.025
0.010
0.028
0.005
0.033
0.034
0.060
0.031
0.065
0.024
0.003
0.014
0.038
0.014
0.098
0.007
0.197
0.021
0.043

2

0.021
0.023
0.024
0.007
0.001
0.022
0.055
0.023
0.078
0.030
0.003
0.027
0.015
0.045
0.011
0.037
0.023
0.032
0.045
0.075
0.005
0.004
0.006
0.000
0.008
0.008
0.013
0.013
0.018
0.009

Note: fþcorresponds to nucleophilic site; f corresponds to electrophilic site; f2 represents second order Fukui function.

3.3. Molecular dynamic simulation
To study the nature of interactions between inhibitor
molecules and aluminium surface, Forcite quench
molecular dynamic simulation was employed. Geometry optimization of the system was first performed,
followed by molecular dynamic simulation process
after temperature and energy values reached equilibrium, sampling of quenched trajectories was conducted
and the average of five lowest energies were recorded
[48]. The adsorption and binding energies of the
molecules on Al(110) surface were calculated according Eq. (16) and Eq. (17) respectively, the values obtained are as presented in Table 3. Large negative
values of adsorption energy imply a better adsorption
ability of inhibitors and thus typically higher inhibition
performance [25,29]. Table 3 reported large negative
values of adsorption energies for both inhibitors which
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f2

0.02

-0.04
-0.06
-0.08
Fig. 5. Second-order Fukui functions of SVT.

is an indication of strong and spontaneous interaction
between the inhibitor molecules and Al(110) surface
[48]. Comparing the adsorption energies of the two
molecules, it can be observed that, SVT is negatively
larger than VTX, this suggests its ability to have a
stronger and more stable interaction with Al(110)
surface [39]. It has been reported in literature that
adsorption energies negatively greater than 100 kcal/
mol are associated with chemical adsorption, while
values lower than that signify physical adsorption
[25,29]. Based on the values of adsorption energies of
the molecules in Table 3, it can be concluded that both
molecules are physically adsorbed onto the Al(110)

surface, therefore vander Waals forces of interaction
are proposed to be the mechanism of the association of
the molecules with the Al(110) surface.
The lowest energy optimized equilibrium adsorption configurations of both molecules on Al(110) surface are presented in Fig. 7. SVT molecule can be
observed to be relatively better adsorbed (flat orientation) on Al(110) surface with the aromatic ring and the
oxygen atoms of the molecule having a close contact
with the surface. This is in agreement with the results
discussed earlier in this work from frontier molecular
orbitals, global and local reactivity values of the molecules with the order: SVT > VTX.
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Fig. 6. Second-order Fukui functions of VTX.
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Table 3
Computed adsorption parameters for the interaction of the studied molecules with the Al (110) surface.
Properties

Molecules

Total potential energy (kcal/mol)
Energy of molecule (kcal/mol)
Energy of Al (110) surface (kcal/mol)
Adsorption energy (kcal/mol)
Binding energy (kcal/mol)

VTX (side view)

VTX (top view)

SVT

VTX

115.968 ± 5.222
55.464 ± 0.0155
0.0000 ± 0.0000
60.504 ± 0.0151
60.504 ± 0.0151

102.631 ± 4.774
54.849 ± 0.0108
0.0000 ± 0.0000
47.782 ± 0.0105
47.782 ± 0.0105

SVT (side view)

SVT (top view)

Fig. 7. Equilibrium adsorption configurations of studied molecules on Al(110).

4. Conclusion
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